ABSTRACT The objective of this work was to determine the best technique, sampling unit, and the number of samples to compose a conventional sampling plan for the cucurbit borers, Diaphania spp. (Lepidoptera: Pyralidae), and for hymenopteran parasitoids on cucumber. This research was carried out in 10 commercial cucumber crops Þelds from July to December 2000 in Tocantins, Minas Gerais State, Brazil (21Њ 11Ј 15Љ S; 42Њ 03Ј 45Љ W; altitude 363 m). The sampling methods studied were beating on a tray, direct counting of insects on the lower leaf surface, and whole leaf collection. Three sampling units also were studied: leaves from a branch located in the apical, median, or basal third of the canopy. The best sampling systems, which included the best technique and sampling unit, were determined based on the relative variance and the economic precision of the sampling. Once the best sampling systems were established, the numbers of samples to compose the conventional sampling plans were determined. The more suitable sampling system for the larvae of Diaphania spp. in cucumber plants was beating a leaf of the median third of the canopy on a plastic tray. One leaf must be sampled for every 50 plants in a crop. The more suitable sampling system for hymenopteran parasitoids in cucumber plants was to directly count the adults on one leaf of the median third of the canopy. One leaf must be sampled for every 74 plants in a crop.
Cucurbit borers, Diaphania spp. (Lepidoptera: Pyralidae), are considered important pests in the southwestern United States, in Central and South America, and in the Caribbean Islands (Smith et al. 1994; Gonring et al. 2003a,b) . In cucumber crops, Diaphania spp. are considered as key pests and may cause up to 100% yield losses of this vegetable (Picanç o et al. 2000) .
Diaphania species attack leaves as well as fruits at different intensities. Diaphania hyalinata (L.) prefers leaves, whereas Diaphania nitidalis (Stoll) favors leaves during its three Þrst instars but fruit as older instars (Sorensen and Baker 1983) . The attack on leaves decreases productivity because of a reduction of the photosynthetic area of the plant. In addition, the attack on fruit makes it inappropriate for market (Sorensen and Baker 1983) .
Hymenopteran parasitoids are important agents of natural biological control of cucurbit borers, parasitizing their eggs, larvae, and pupae. D. nitidalis eggs are parasitized by Trichogramma pretiosum Riley (Hymenoptera: Trichogrammatidae) and the larvae by Apanteles sp., Meteorus sp., and Hypomicrogaster sp. (Hymenoptera: Braconidae) (Gonring et al. 2003b) . D. hyalinata also is parasitized by the pupal parasitoid Polycyrtus sp. (Hymenoptera: Ichneumonidae) (Gonring et al. 2003a) , in addition to the other species. Although natural biological control of these pests is important, their control has been carried out mainly through successive insecticide applications.
Besides the economic damage, excessive use of insecticides also may contaminate water, air, and soil and interfere with the atmosphere and human health. A way of averting this situation is through the adoption of integrated pest management (IPM), in which a phytophagous insect is only considered a pest when it causes economical damage. In this system, the densities of the pest and its natural enemies are monitored and then compared with decision-making indices for pest control decisions (Pedigo 1988 , Dent 2000 , Picanç o et al. 2000 .
The sampling of pests and natural enemies can be carried out following a sequential or conventional plan (Sterling et al. 1983 ). The conventional sampling plan has a Þxed number of samples, uses Þxed proceedings of sampling, and requires more time than the sequential plan. The conventional plan represents the initial point of generation of IPM programs for determining essential parameters to decision making, such as the best sampling unit and the sampling method that will be used for determining the economical damage level. In addition, conventional plans are used as patterns for validation of sequential plans (Pedigo and Zeiss 1996, Gusmão et al. 2005) .
The sampling technique that best estimates the insect density should consider precision, cost, and statistical distribution of data to make possible a control decision making that is efÞcient and low cost (Pedigo 1988) . Among the sampling techniques used to determine the densities of insects in vegetable leaves are beating leaf on white plastic tray (Pedigo 1988 , Gusmão et al. 2005 , direct counting of insects (Gusmão et al. 2005) , and whole leaf collection (Moura et al. 2003) . However, the efÞciency of these techniques for sampling of Diaphania spp. and natural enemies in cucumber crops is not known.
In a sampling plan for Diaphania spp., the pest should be evaluated before it starts boring the fruit, because cucumber plants have low recovery capacity from this injury. Monitoring for adults of Diaphania spp. by light and pheromone traps was not found to be efÞcient (Valles et al. 1991) . Evaluation of larvae on leaves is one of the ways of generating a plan with these characteristics. The leaves also can be used for sampling hymenopteran parasitoids (Miranda et al. 1998) . Thus, the objective of this work was to determine the best technique, sampling unit, and the number of samples to constitute a conventional sampling plan for cucumber borers, Diaphania spp., and their hymenopteran parasitoids in cucumber.
Materials and Methods
This work was conducted from July to December 2000 in Tocantins, Minas Gerais State, Brazil (21Њ 11Ј 15Љ S; 42Њ 03Ј 45Љ W; altitude 363 m), in 10 1.0-ha commercial cucumber crops. The plants were conducted with a stem and spacing of 1.0 by 0.5 m, under local procedures of cultivation, irrigation, fertilization, and weed control. Pests and diseases were not controlled. The densities of Diaphania spp. larvae and of adults hymenopteran parasitoids were evaluated.
The experimental design was in randomized blocks with 10 replications (plots or plantations) in a factorial scheme 3 by 3 (techniques ϫ sampling unit). In each plot, we collected 1,650 samples from 200 plants (nine samples per plant in 150 plants and six samples per plant in 50 plants). On each sample date, 100 plants were evaluated in one plot. A grid pattern was used to collect samples, and the Þrst plant of the southeastern quadrant of the Þeld was evaluated. There was a similar distance between sampled plants; 5 m between plants in a row and 5 m between plant rows. Samples were collected from the entire cucumber plantation to avoid bias in the choice of the sampling place.
Technique and Sampling Unit. Three sampling techniques were used: beating the leaf on white plastic tray (BLPT) (35 cm in length by 30 cm in width by 5 cm in depth), direct counting of insects (DC) on the abaxial leaf surface, and whole leaf collection (WLC). The sampling units consisted of taking a leaf from either the apical, median, or basal third of the canopy (Moura et al. 2003) . Because Diaphania spp. larvae as well as hymenopteran parasitoids occur initially on leaves, leaves were selected for sampling (Miranda et al. 1998) .
Beating leaves on a tray consisted of placing a tray under a particular leaf and shaking it rapidly, causing the insects present on the leaf to fall to the tray where they were counted. In the technique of direct counting, the leaf was turned carefully so as not to disturb the insects, and insects found on the abaxial surface of the leaf were counted. In the technique of whole leaf collection, the leaf was quickly enclosed by the plastic bag, cut, and the bag was sealed. The bags with the leaves were taken to the laboratory where the live insects were counted. Each sampling method used different plants. Disturbance to surrounding plants also was minimized (Moura et al. 2003) .
The time spent for taking each sample and moving from sample to sample was recorded and used to calculate the cost. Average and standard deviation of densities were calculated for each sampling method, and these data were used to calculate the relative variance according to the formula of Pedigo et al. (1982) :
where RV is relative variance (%), S(X) ϭ standard deviation, and (X) ϭ average. Relative variance measures the variability of sampling data. The best methods are those with low values for this characteristic. Data of sampling costs and relative variance (RV) were used to calculate the economic precision (EP) of sampling methods by using the expression of Kogan and Herzog (1980) :
where Sc is sampling cost (US$ per sample). The Sc was calculated through equation
where Sc i is the sampling cost for the i sampling system, Fc is the Þxed cost of materials for the i sampling system, Mc is the man power cost per second, and t i is the time spent in seconds for the evaluation of a sample in the i sampling system added to the average of the time spent in seconds to move from sample to sample (40.97 s). For the WLC technique, the time spent in seconds for the evaluation of a sample in the laboratory was added. Each material had its unit cost calculated, considering the use of durable materials (surveyorÕs The best sampling methods have economic precision with high values. EP was not calculated for the sampling systems with RV higher than 25%, which would lead to a low precision of estimates according to Southwood (1978) . Values of relative variance, time, cost, and economic precision were subjected to the LillieforsÕ normality test (P ϭ 0.01) (PROC TESTE-LF; SAEG Software 2001) and analysis of variance (ANOVA) (PROC ANOVAG, SAEG Software 2001), whereas means of sampling methods were compared by the ScottÐKnott test (P Ͻ 0.05) (PROC TESTE-MD, SAEG Software 2001).
Determination of Number of Samples of the Conventional Sampling Plan. Once the best sampling systems were established, the numbers of samples to compose the conventional sampling plans were determined. Initially the b coefÞcient of the Taylor power law was calculated. This coefÞcient indicates the theoretical frequency distribution to which the data will possibly Þt. If b Ͼ 1, it indicates that the data tend to Þt a negative binomial frequency distribution; b ϭ 1 indicates that the data Þt a Poisson distribution, and b Ͻ 1 indicates the data Þt a positive binomial distribution (Navas et al. 1994 , Doane et al. 2000 .
The Taylor power law was obtained by calculating the linear regression between the data of average and variance transformed into natural logarithms, through equation:
where S 2 is data variance; a is Taylor coefÞcient, or sampling factor; b is coefÞcient b of Taylor, or index of aggregation; m is average of the population; and the value of a is the antilogarithm of the intercept and b is the inclination of the straight line.
The estimated results from the theoretical frequency distribution models indicated by Taylor power law were tested against the observed frequencies by using a chi-square goodness-of-Þt test (Ludwig and Reynolds 1988) . Such procedure was carried out using the ENSTAT software (Pedigo and Zeiss 1996) .
Once the adjustment of the sampling data to a theoretical distribution of frequency for Diaphania spp. and hymenopteran parasitoids (negative binomial distribution for both) was obtained, a method to determine the necessary number of samples in the estimate of the populations of these insects was selected, in accordance to the equation of Young and Young (1998) :
where NA is the number of samples, C is level of precision, is population average, and k is parameter of the negative binomial distribution. For the selection of the level of precision to be used in the sampling plan, the k partials (k p ) of each plantation were calculated following the equation
where k is parameter of negative binomial distribution, S 2 is variance of sampling data, and x ϭ sample average.
The k partials data of each plantation were used to calculate the numbers of samples, which were submitted to the analysis of regression as a function of the precision levels of 5, 10, 15, 20, and 25% at P Ͻ 0.05, selecting the level of precision where the number of samples presented less variation (Gusmã o et al. 2005) .
The parameter of common aggregation k common (k c ) of the data of the plantation that adjusted to the pattern of negative binomial distribution was determined according to the method of Bliss and Owen (1958) .
The ease of use was adopted as the criterion for the selection of the number of samples to be used in the sampling plan. The goal was to use a minimum number of samples without compromising the use of the necessary labor to other important practical activities, such as fertilization, irrigation, control of diseases and weeds, staking, and harvesting (Pedigo 1988) .
A sampling plan can be considered practicable if the time spent by a pair of samplers (an appraiser and a recorder) in the collection of samples in a plantation is not greater than to 1 h. Thus, considering that it would take one more hour for visiting different plantations and for processing of the data, it would be possible for this pair to sample up to four plantations per day (Gusmão et al. 2005) .
Results
Technique and Sampling Unit. SigniÞcant differences (P Ͻ 0.05) were detected among the sampling systems composed by the sampling technique and the canopy position in the sampled densities of larvae of Diaphania spp. (F ϭ 4.54, df ϭ 72, P ϭ 0.00017) and adult hymenopteran parasitoids (F ϭ 7.78, df ϭ 72, P Ͻ 0.00001). The greater densities of Diaphania spp. were detected by BLPT of the median and basal thirds of the canopy and by WLC of the apical, median, and basal thirds. However, greater densities of hymenopteran parasitoids were detected by DC of insects in the median third of the canopy (Table 1) .
SigniÞcant differences (P Ͻ 0.05) were found in the RV of the samplings of Diaphania spp. (F ϭ 10.12, df ϭ 71, P Ͻ 0.00001) and of hymenopteran parasitoids (F ϭ 5.40, df ϭ 69, P ϭ 0.00004) as functions of the sampling systems. The sampling systems with relative variances Ͻ25% (Southwood 1978) for Diaphania spp. were as follows: BLPT of the median (RV ϭ 18.65) and basal thirds (RV ϭ 19.69) of the canopy and the WLC of the apical (RV ϭ 24.85), median (RV ϭ 21.91), and basal (RV ϭ 22.62) thirds of the canopy. During the sampling hymenopteran parasitoids, the lesser relative variances were found in the DC of the apical (RV ϭ 23.30), median (RV ϭ 20.10), and basal thirds (RV ϭ 20.22) of the canopy (Table 2) .
SigniÞcant effect (P Ͻ 0.05) of the sampling system was veriÞed on the time (F ϭ 352.27, df ϭ 529, P Ͻ 0.00001) and the cost (F ϭ 535.98, df ϭ 529, P Ͻ (Table 2 ).
SigniÞcant differences (P Ͻ 0.05) were detected in the sampling systems in the economic precisions (EP) of the samplings of Diaphania spp. (F ϭ 28.61, df ϭ 27, P Ͻ 0.00001) and hymenopteran parasitoids (F ϭ 4.57, df ϭ 18, P ϭ 0.02480). The sampling systems with greater economic precisions for sampling of Diaphania spp. were BLPT of the median (EP ϭ 74.60) and basal (EP ϭ 75.33) thirds of the canopy. However, in the sampling of hymenopteran parasitoids, the greater economic precisions were found in the DC of the apical (EP ϭ 70.22) and median (EP ϭ 72.25) thirds of the canopy (Table 2) .
Therefore, based on the economic precision, the best sampling systems for Diaphania spp. were BLPT of the median or basal third of the canopy. The most accurate sampling systems for the hymenopteran parasitoids were the DC of the apical or median third of the canopy. (Fig. 1) . This Þnding indicates that the Þeld data tend to adjust to the Poisson distribution (if b ϭ 1) or negative binomial distribution (if b Ͼ 1) (Taylor 1961) .
Densities of Diaphania spp. sampled by BLPT of the median third Þt the negative binomial distribution in Þve of the six plantations tested and Þt the Poisson distribution in only two plantations. The densities of Diaphania spp. sampled by BLPT of basal third also Þt the negative binomial distribution in the six tested plantations, but these data Þt the Poisson distribution in only one plantation (Table 3) .
Densities of hymenopteran parasitoids sampled by their DC of the apical and median thirds Þt the negative binomial distribution in the six tested plantations and adjusted to the Poisson distribution in only two plantations (Table 4) .
As the sample distribution of Diaphania spp. and their hymenopteran parasitoids Þtted the negative binomial distribution, the number of samples required for the sampling plan was estimated based on this distribution model.
The number of samples needed to estimate Diaphania spp. by BLPT of the median and basal thirds and their hymenopteran parasitoids by DC of the apical and median thirds stabilized at 20% of precision (Fig. 2) , which indicated that the practicable number of samples was given by this precision level. The two most accurate systems for the sampling of Diaphania spp. (BLPT of the median and basal thirds) had common aggregation parameters (k common ) of 1.5969 and 1.9670, respectively (P Ͻ 0.05). The same occurred with hymenopteran parasitoids by DC of the apical (k common ϭ 1.5890) and median (k common ϭ 0.8335) thirds (Table 5) .
The numbers of necessary samples for sampling Diaphania spp. by BLPT of the median and basal thirds of the canopy were of 50 and 44 samples per plantation; time spent was 43.14 and 39.41 min per sampling, with a cost of US$ 4.94 and 4.51 per sampling, respectively. The necessary number of samples for sampling of adults hymenopteran parasitoids by DC of the apical and median thirds of the canopy were 77 and 74 samples per plantation, with times of 66.46 and 65.29 min per sampling and a cost of US$17.03 and 16.73 per sampling, respectively (Table 5) .
Discussion
Technique and Sampling Unit. The observation of greater densities of Diaphania spp. by BLPT of the median and basal thirds and by WLC of the apical, median, and basal thirds occurred possibly because these techniques allow better visualization of the Þrst, second, and third instars. The green color of the larvae contrasts with the white color of the tray. Better visualization of the green larvae in leaves was provided by the evaluation of leaves under artiÞcial light in laboratory obtained by the technique of WLC than by direct counting of the larvae in the Þeld.
The observation of greater densities of larvae of Diaphania spp. on leaves of the median and basal * SigniÞcant at 5% probability; NS, nonsigniÞcant at 5% probability. a It was not possible to determine the statistical distributions of the data from plantations 7 to10 because the number of degrees of freedom provided by analyzing these data was zero. * SigniÞcant at 5% probability; NS, nonsigniÞcant at 5% probability. a It was not possible to determine the statistical distributions of the data from plantations 5, 7, 8, and 10 because the number of degrees of freedom provided by analyzing these data was zero. thirds of the canopy was possibly because these leaves possess greater area, besides being older, and therefore they were exposed longer to the insects. Moreover, the median and basal leaves are closer to the fruit, facilitating the dispersal of the larvae (third instars) to the fruit (Sorensen and Baker 1983) . Morphological and chemical characteristics such as higher density of nonglandular trichomes and glandular trichomes associated with leaves of the apical third of the canopy also may inßuence the lower level of attack. Nonglandular trichomes exert mechanical inßu-ence on the oviposition, and glandular trichomes exert their effect through chemical substances (Antô nio et al. 2002) .
The greatest densities of hymenopteran parasitoids were observed when the technique of DC of the median third of the canopy was used, perhaps because of the high ßight dispersion of the hymenopteran parasitoids caused by manipulation when beating a leaf on the tray or by collecting it. In addition, WLC caused the death of insects, which adhered to the plastic bag in condensed water caused by leaf transpiration. These insects were not counted.
The lower relative variances found in sampling Diaphania spp. by BLPT of the median and basal thirds of the canopy and by WLC of the three thirds of the canopy were because of the high densities of larvae in these samplings (relative variance is inversely proportional to the densities) (Pedigo 1988 ). The same relationship occurred with the hymenopteran parasitoids, which showed the lowest relative variances in the systems with greater densities.
The fastest samplings had lower costs because they used less labor, the main component of the sampling cost (97%). BLPT and DC of insects needed less time than WLC for Diaphania spp. and hymenopteran parasitoid sampling because more operations (e.g., sacking, leaf collection, fastening of plastic bag, leaf removal from the plastic bag, and evaluation) were necessary in the leaf-collecting system than in the other systems. The sampling systems of BLPT and DC in the basal third of the canopy were more timeconsuming than in the other two thirds, because for sampling in the basal third, the sampler had to bend down to evaluate the plants.
The most suitable systems for sampling Diaphania spp. were BLPT of the median or basal third of the canopy, because these systems combined high precision, rapidity, and low cost. Although the systems that had used plastic bags had less relative variances, they had not been adjusted to the sampling of Diaphania spp., because they were slow and had high cost.
The more suitable systems for sampling hymenopteran parasitoids were the DC of the apical or median third of the canopy, because they combined high precision, rapidity, and low cost.
Determination of Number of Samples to Compose the Conventional Sampling Plan. The adjustment of the selected data of the systems for sampling Diapha- nia spp. and hymenopteran parasitoids to the negative binomial distribution, in many of the plantations is because of the high frequency of samples with extreme densities (low or high). This results in obtaining variances greater than the average; the larger the quotient between variance and average, the higher are the values of parameter k of the negative binomial distribution (Taylor 1984) . This relationship also was observed in the present work. Negative binomial distributions were observed in the sampling of other lepidopterans, such as Spodoptera frugiperda (J.E. Smith) (Noctuidae) (Mitchell and Fuxa 1987) , Pseudaletia unipuncta (Stoetzel) (Noctuidae) (Coggin and Dively 1982) , and Leucoptera coffeella (Lyonetiidae) (Vilacorta and Tornero 1982) . Young and Young (1998) mentioned that different populations present distinct values of the parameter k of the negative binomial distribution, thus resulting in different numbers of samples for each population. However, the selected systems for the economic precisions k common included variances that occurred in the populations of the different plantations. This makes possible the determination of a sampling strategy that is adjusted to many plantations. The objective was reached in this work; it was possible to Þnd a k common for the more adequate sampling systems for Diaphania spp. and their hymenopteran parasitoids.
The sampling plans for Diaphania spp. and hymenopteran parasitoids can be considered useful according to the criteria described by Pedigo (1988) , because these plans allow the collection, processing of the data (1.53 and 2.16 min) and control decision making in 1 d, besides being of low cost. Therefore, the adoption of such sampling plans in the culture of the cucumber might bring great beneÞts to the vegetable growers in reducing cost of control, preserving agroecosystems, and protecting human health.
